THE INTERVENTRICULAR SEPTUM has been demonstrated to be the primary site of involvement in hypertrophic cardiomyopathy. The echocardiogram has provided a reliable noninvasive technique for the detection of asymmetric septal hypertrophy which is thought to be an anatomic marker of this disorder.' However, the echocardiogram provides a rather narrow perspective of the upper septum and the posterobasal wall of the left ventricle. In addition, a technically adequate echocardiogram is occasionally difficult to obtain. Gated radionuclide cardiac blood pool scanning is a safe reliable atraumatic technique which allows visualization of both right and left ventricular chambers and the interventricular septum in multiple projections. The present study was 
Methods
Gated scans were performed with a Searle HP-Pho Gamma III Anger camera positioned over the patient to obtain a 300 right anterior oblique, and multiple left anterior oblique images of the heart. Twenty mCi of technetium-99m electrolytically bound to human serum albumin were injected via an antecubital vein. Several minutes were allowed for equilibration within the blood pool. A physiological synchronizer* allowed for collection of counts gated with the electrocardiogram for 60-80 msec from the onset of the QRS complex (to obtain end-diastolic images) and from the peak of the T wave (to obtain end-systolic images). Approximately 400,000 counts were accumulated in seven minutes for each end-systolic and end-diastolic image pair and stored in the memory of a PDP-9 computer.t Images were displayed on a cathode ray tube and polaroid photographs taken for evaluation. Images were subsequently processed using the Numedics system.2 Figure 1 Seventeen of the 19 HCM patients with adequate echocardiograms had echo septal to posterior wall ratios of 1.5 to I or greater. The remaining two patients had ratios of 1.3 to 1 with absolute septal measurements of 15 and 13 mm, respectively. Both had unequivocal angiographic HCM with resting and provocable gradients across the left ventricular outflow tract. In addition one had resting and both had provocable systolic anterior motion (SAM) at the time of echocardiography.
Seventeen of the 20 patients with HCM who had SAM at rest or with provocation had resting or provocable gradients across the left ventricular outflow tract at the time of catheterization. The remaining three patients did not have a resting or provocable gradient at catheterization.
The presence or absence of DUST on scan did not correlate with the presence of a resting or provocable gradient across the left ventricular outflow tract at the time of cardiac catheterization. In patients with DUST the mean septal thickness on echocardiogram was 22.8 ± 1.5 mm. In patients without DUST it was 19.0 ± 1.5 mm, the difference being statistically significant (P < 0.05). The demonstration of DUST in end-diastole in the present study appears to be at variance with the studies of Redwood et al. using biventricular cineangiography5 and Bulkley et al. using ungated thallium-201 myocardial imaging.6 In both of these studies, the most prominent portion of the interventricular septum appeared to be the inferoapical segment. The cause for this apparent discrepancy may in part be related to the lower left anterior oblique view used in those studies compared with the present study. Figure 2 demonstrates that the inferoapical portion of normal interventricular septum appears more prominent in a lower oblique view. This is due to the spiral configuration of the interventricular septum, which results in only a portion of the septum being perpendicular (end on) to the plane of the image on any single view. It is possible to determine septal configuration in multiple views with gated blood pool scanning since the method allowed a number of images to be collected. In the present study, the view which demonstrated the most uniform septum from top to bottom was selected in order to obtain the least overlap of right and left ventricle and consequently the best septal definition. It is in these views that DUST and/or septal flattening was observed in the majority of patients with HCM. This approach may lessen the sensitivity of the method in detecting DUST, but should reduce the likelihood of its spurious appearance.
Since electrocardiographic gating was not feasible in the study of Bulkley et al. due to the relatively slow accumulation of counts in myocardial scanning with thallium-201,6 the images obtained represented a composite view of the beating heart over the entire cardiac cycle. As a result, these images may be more nearly representative of systole, when the muscle is thicker and the count density higher. In systole, obliteration of the right ventricular and/or left ventricular apex may give the erroneous impression that the apical septum is thickest as illustrated in figure 7A and 7B. Thus ungated myocardial images cannot be used for determination of the diastolic interventricular septal configuration. The use of end-diastolic gated blood pool images avoids this source of error.
Redwood et al. performed biventricular cineangiograms in the left anterior oblique position, using 15 ml injections of contrast medium simultaneously into both ventricles.5 The injections were repeated after video playback and adjustment of the patients' position, if necessary, in order to demonstrate the septum end-on. If visualization was considered inadequate, injections were repeated with larger volumes of contrast material. Since these authors did not discuss in detail their criteria for "end-on" position of the septum, it is not possible to compare their study with the present study in this regard. However, as discussed above and shown in figure 2, our data appear to show that only a portion of the septum can be displayed perpendicular to the plane of the image in any one position. Thus DUST has previously been described in studies of the pathology of HCM. Teare in 1958 found "asymmetric hypertrophy of the septum" in eight patients who died suddenly.9 Isolated involvement of the upper septum was demonstrated in one, while no comment was made on the distribution of septal mass in the others. Roberts, in reviewing the gross pathology of HCM, noted that the septum was thickest in its mid-portion. 10 Menges, in reviewing the postmortem hearts of eight patients with HCM, noted greater apparent bulging of the upper septum in one and diffuse septal thickening in the remainder." Brent et al. reviewed the pathologic findings in three of 12 patients from two families with "muscular subaortic stenosis.""12 The muscular septal obstruction was described 1 to 2.5 cm beneath the aortic valve. Although the inferoapical septum was not specifically described, the photographs suggest that the thickening predominantly involved the upper septum.
In conclusion, the gated radionuclide blood pool scan provides a new and safe atraumatic technique for the diagnosis and repeated evaluation of patients with hypertrophic COMPUTERIZED TOMOGRAPHY OF ISCHEMIC HEART/Powell et al.
cardiomyopathy. This technique complements the high resolution but limited field of view of the standard echocardiogram because it allows dynamic two-dimensional evaluation of the interventricular septum and left ventricle. SUMMARY This study was undertaken to determine if computerized tomography (CT scanning) with an EMI cranial scanner could detect edema associated with myocardial ischemia in canine hearts. A localized area of decreased density in the posterior papillary muscle and surrounding myocardium was detected on serial 8 mm CT scan slices of each heart after 60 min of circumflex artery occlusion and 45 min of reflow of blood. The wet/dry weight ratios and previous electron microscope studies of the ischemic posterior papillary muscles revealed edema accumulation. After 1 hour of IT IS WELL ESTABLISHED that edema occurs as a result of acute, severe myocardial ischemia.' Recently, it has been demonstrated that at least part of this edema is intracellular.2 4 The extent of intracellular edema which is present during early myocardial ischemia appears to cor-arterial occlusion and 12 hours of reflow (which produces extensive necrosis and a decrease in the wet/dry ratio) lesions were still discernible but were less consistently as severe. Permanent ligation of the left anterior descending coronary artery and major collateral arteries for 6 hours also resulted in a lesion of decreased density in the distribution of the occluded arteries.
Thus, CT scanning can detect, and is a potential means for sequential noninvasive quantitation of myocardial edema associated with ischemia.
relate with the extent of eventual myocardial cell necrosis.2 4 With the development of myocardial necrosis, there is disruption of cell membranes and loss of intracellular edema.4 However, the cells which remain viable demonstrate persistent cell swelling.4
To date, there is no entirely satisfactory method to detect, localize and follow sequentially, the lesion of myocardial ischemia.5 Computerized tomography (CT scanning) can detect small differences in soft tissue density,`S the limits of which have been defined.9'" This noninvasive technique has provided a precise tomographic means of localizing intracranial pathology based on differential densities. In view of the documented association of edema with ischemic myocar-
